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CQNARC  BRIEFING  ON  TASK  MOBILITY 

As  was  pointed  out  in  Col.  Hichaelson^  introductory  remarks, 

Task  KGBILITX  has  bean  in  the  HumRRO  work  program  as  a Coaarc 
requdxsasent . This  haplies  reservations,  here  at  Conors,  about 
the  proficiency  of  organisational  maintenance  personnel.  You 
will  see  that  these  reservations  are  well  founded. 

Since  there  may  be  people  here  who  have  not  served  in  Amor 
organizations,  at  least  for  a number  of  years,  it  may  be  well  to 
recall  to  mind  who  “organizational"  maintenance  personnel  are, 
and  wtiat  they  do. 

"Organizational"  means  Company  and  Battalion  maintenance 
sections  made  up  of  Track  Vehicle  Mechanics  (TWa),  MOS  632.2  and 
632.6,  and  maintenance  sergeants,  MOS  632.6  or  higher.  They®  sec- 
tions arc  organic  to  tactical  organizations,  and  maintain  all  tac- 
tical vehicles.  The  Battalion  section  has  sons  equipment  that  the 
Company  section  does  not  have,  notably  a welder,  a wrecker,  and  some 
special  purpose  equipment  for  whioh  they  have  storage  and  transpor- 
tation facilities  lacking  in  the  Company.  The  Battalion  also  stocks 
some  spar®  parts.  Skill-wise,  however,  there  is  no  difference  between 
the  personnel  of  the  two  maintenance  sections.  There  is  no  provision 
for  sorting  out  men  according  to  skill;  experience,  or  training,  and 
assigning  the  superior  ones  to  either  section.  In  practice,  the 
Company  TVMa  may  work  in  the  Battalion  section  or  vice  versa, 
according  to  local  SOP  and  problems  which  may  arise. 

The  work  of  organizational  TVMs  consists  of  the  following 
types  of  tasks,  as  set  forth  in  Technical  Manuals  and  TH  Maintenance 
Allocation  Charts:  servicing,  repairing,  replacing,  removing  and 

5< 


installing,  testing,  trouble  shooting,  adjusting  and  Inspecting* 

We  tested  in  the  last  4 of  these  areas  and  I will  explain  why* 

(S1H£  1} 

Servicing,  generally  speaking,  refers  to  1st  echelon  or  crew 
functions  such  as  lubrication  and  cleaning*  The  scheduled  Quarterly- 
service,  or  Q* c heck  performed  mainly  by  the  Battalion  maintenance 
section  consists  mostly  of  small  repairs  plus  certain  required  tests 
such  iU3  the  dye  test  performed  by  Ordnance  on  oil  cooler  fans. 

“Repairing,"  in  organizational  maintenance,  does  not  mean  what 
it  sounds  like.  It  refers  either  to  a very  simple  action,  such  as 
taping  hatch  padding,  or  it  means  replacing  something,  such  as  a 
defective  track  block  or  generator.  The  vehicle  is  repaired  by 
replacing  defective  components  or  assemblies;  the  assembly  itself 
is  sent  elsewhere  far  repair  or  disposal.  Organizational  mechanics 
are  net  authorized  to  repair  any  assembly  that  must  be  taken  apart; 
they  may  only  remove  and  replace. 

“Replacing, “ and  "removing  and  installing"  are  self-evident. 
Generally  speaking,  these  four  categories  of  tasks  account  for  most 
of  the  man-hours  or  make  up  the  routine  work  of  the  maintenance 
section.  The  point  J.  wish  to  make  is  not  simply  that  routine  tasks 
are  routine,  but  that  they  all  follow  from  somebody’s  deoiaion  that 
they  must  be  done.  While  servicing  is  done  on  a calendar  or  mileage 
schedule,  the  remaining  actions  occur  on  demand.  They  are  done 
when  someone  decides  they  must  be  done,  and  this  means  that  testing, 
trouble  shooting,  adjusting  and  inspecting  are  necessary  pre-con- 
ditions far  the  efficient  and  economic  conduct  of  the  more  routine  tasks. 

Not  only  are  these  four  categories  of  tasks  basic  to  the  more 
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THE  CRGANTZATItmL  TRACK  VEHICLE  MECHANIC  DCES: 

SERVICING 

REPAIRING 

REPLACING 

REMOVING  AND  INSTALLING 
and 

TESTING 

TROUBLE  SHOOTING 

ADJUSTING 

INSPECTING 


routine  work,  they  also  are  very  important  In  their  own  right. 

Teg ting  enter*  into  evaluation  of  the  vehicle *s  state  of  readiness, 
into  decisions  to  turn  it  in  to  Ordnance  or  keep  it  in  service,  and 
is  also  frequently  a part  of  trouble  shooting  0 

Trouble  shooting  is  done  when  the  engine  or  one  of  its  sub- 
systems is  disabled  by  a malfunction  whose  nature  Is  not  apparent, 
or  when  the  vehicle  *s  usefulness  is  impaired,  as  by  a failure  of 
the  light  system.  Adjusting  is  necessary  for  efficiency  of  the 
power  plant,  as  in  carburetor  adjustment  cr  ignition  timing;  for 
safety  as  in  brake  and  steering  linkage;  and  may  also  have  a 
preventive  function  as  in  correct  gear  band  adjustment.  Inspec- 
tion contributes  to  determination  of  work  required,  evaluation 
of  work  done,  to  safety,  prevention  at  damage,  and  estimation  of 
./eadinass. 

You  recognize  the  importance  of  these  four  types  of  task. 

There  are  two  more  reasons  why  we  chose  to  test  proficiency 
in  these  last  four  areas  of  work.  First,  they  are  complex  tasks 
of  an  individual  nature  to  which  training  should  make  a major 
contribution.  Secondly,  proficiency  at  these  tasks  is  very  highly 
related  to  the  costs  of  maintenance,  as  I will  document  in  a few 
minutes. 

From  these  four  areas  we  made  up  an  8-hour  test  of  30  individual 
performance  exercises.  Each  was  taken  from  a Technical  Manual  or 
from  U.S.  Army  Armor  School  instructional  material.  Exercises 
were  suggested  by  Armor  School  instructors  and  by  Ordnance  Corps 
Maintenance  Technicians  (OCMTs)  employ*  i at  Fort  Knox,  The  QCKTs 
reviewed  all  axerc  .ses  and  approved  them  prior  co  administration 
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of  the  test.  After  the  Fart  Knox  men  were  tested,  the  Armor  School 
reviewed  the  test  end  concurred  in  29  of  the  exercises  &s  given. 

An  additional  item  of  special  equipment  was  added  to  the  remaining 
exercise  on  their  recommendation. 

(SLIDE  2) 

This  slide  shows  the  number  of  exercises  of  the  different 
types.  Note  that  there  is  a category  cf  “spark  plugs."  The  so 
could  have  been  distributed  among  the  other  categories,  but  seemed 
to  make  more  sense  when  kept  together.  Incidentally,  all  spark 
plug  exercises  were  given  in  one  testing  period, 

I wish  to  emphasize  that  these  exercises  were  actually 
performed  on  five  common  tactical  vehicles — tanks , personnel 
carriers,  and  trucks.  We  did  not  question  mechanics  about  their 
knowledge 5 rather  they  wore  given  maintenance  tasks  to  perform  to 
the  best  cl  their  ability.  These  photographs  show  testing  in 
progress. 

(PHOTOGRAPHS  1-1*) 

In  this  first  photograph  the  problem  was  ignition  timing  and 
magneto  synchronization.  All  tools  and  equipment  necessary  for 
tills  task  were  at  hand.  Sergeant  Craig,  the  tester,  has  a &heet 
listing  each  step  or  operation  in  this  bask.  After  giving  the 
subject  his  directions  all  the  tester  did  was  mark  his  scoring 
sheet  as  each  step  was  completed.  Note  that  there  are  two  manuals 
on  the  table  behind  Sgt.  Craig. 

Valve  adjustment  is  the  task  in  the  second  photograph.  The 
man  bent  over  behind  the  power  plant  is  the  vehicle *s  driver.  He 
assisted  the  subject  by  carrying  out  specific  directions,  but  did 
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nothing  unless  the  mechanic  told  him  to.  Vehicle  drivers  were 
used  in  'ids  way  at  all  test  stations  where  it  was  appropriate . 

In  the  3rd  photo  the  subject  is  attempting  to  identify  a 
starter  system  malfunction  on  the  MJ>9  armored  personnel  carrier. 
Note  the  size  and  complexity  of  the  testing  device,  the  Low  Voltage 
Circuit  Tester. 

In  the  fourth  photograpl  M/Sgt,  Ellis  is  observing  a man 
trying  to  diagnose  the  ailment  of  this  ^-ton  truck.  The  man  is 
using  a pressure  gage.  He  never  got  close  to  the  malfunction, 
which  was  a defective  carburetor.  Again,  note  the  presence  of 
driver.  The  testers,  of  course,  were  track  vehicle  mechanics 
trained  to  score  their  particular  stations. 

You  no  doubt  noticed  that  man  of  several  different  grades 
are  being  tested.  I will  now  describe  the  subjects. 

We  wanted  to  test  working  mechanics  and  motor  sergeants.  In 
addition  to  KGS,  the  support  requirement  specified  that  those 
taken  for  testing  should  actually  be  employed  in  organizational 
maintenance.  In  several  of  our  sub-groups  we  actually  tested 
every  man  on  the  post  who  fit  the  training-experience  requirements. 
We  tested  men  both  at  Fort  Knox,  and  in  the  3rd  Armored  Division 
in  Germany— about  half  the  subjects  came  from  each  place,  1*82 
mechanics  and  motor  sergeants  In  all. 

We  wanted  to  learn  how  proficiency  changed  with  experience , 
so  we  selected  mn  of  less  than  one  year  on  the  job,  another  group 
of  one  to  five  years  on  the  job,  and  a third  group  of  over  five 
years  maintenance  experience.  To  get  a sufficient  number  of  motor 
sergeants  we  had  to  take  them  as  they  came,  from  one -half  year  to 
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2kh  years  of  maintenance  experience  with  the  average  at 
11  (10.96)  years.  We  also  wasted  to  determine  the  relationship 
between  training  and  proficiency.  Somewhat  over  half  of  the  TVMs 
were  selected  to  have  had  a basic  TVM  course,  somewhat  less  than 
half  had  not  had  this  course.  Again,  the  motor  sergeants  were 
taken  as  they  cams.  63$  had  taken  a TVM  course,  35$  had  not. 

We  also  wanted  to  determine  the  relationship  between  general 
intelligence  and  proficiency.  We  recorded  the  G.T.  scores  from 
the  Form  20  as  our  estimate  of  general  intelligence.  The  following 
slide  gives  the  subjects  tested. 

(SLUE  3) 

Referring  to  the  first  category  of  the  slide,  the  SO  Fort 
Knox  subjects  were  in  the  last  three  days  of  the  TVM  course  when 
tested.  The  3h  men  of  the  3rd  Armored  Division  ware  “apprentice 
mechanics,  * who  were  learning  on  the  job.  They  were  of  course 
performing  maintenance  in  their  units.  There  were  no  unusual 
characteristics  about  the  other  remaining  groups. 

Results 

The  next  slide  reports  average  performance  by  type  of  exercise. 
Results  are  reported  separately  for  the  JnL3  TVMs  and  the  69  motor 
sergeants. 

(SLIDE  h) 

You  can  see  that  performance  is  low  in  the  areas  of  trouble 
shooting,  adjusting  tasks  requiring  special  equipment,  and 
electrical  testing  tasks. 

I wJl  now  show  you  one  of  the  consequences  of  errors  of 
diagnosis  in  trouble  shooting,  a partial  list  of  needless 
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MAINTENANCE  PERSONNEL  TESTED 

3rd  Armored  Division  T< 
0-1  Year  Experience 

33  TVM  trained 
3U  OJT 


Fort  Knox 


50  TVM  trained 


1-5  Years  Experience 


h3  TVM  trained 
32  OJT 


35  TVM  trained 
35  OJT 


Over  5 Years  Experience 


ill  TVM  trained 
36  OJT 


35  TVM  trained 
39  OJT 


Avg»  11  Years  Experience 


30  Motor  Sergeants 


39  Motor  Sergeants 
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PERCENT  cf  success  by  type  0?  exercise 

Type  of  Exrrcise 

103  TVMs 

TROUBLE  SHOOTIHG 

Air-Euel 

13.7$ 

Electrical 

13.2 

ADJUSTING 

With  Special  Equipment 

12.7 

Other 

51*.6 

TESTING 

Electrical 

17.9 

Pressures 

1*3.5 

Specific  Gravity 

iiU.3 

SPARK  PLUGS 

61.1 

69  Mtr.  Sets, 

20.3 $ 
12.5 

17.0 

68.1 

2U.5 
51*.  7 
1*9.3 
67.1 
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reootanijrtdatione  for  replacement  of  parts. 

(SLUE  6) 

We  recorded  almost  U50  such  errors  concerning  109  different 
assemblies  or  parte  of  the  5 vehicles  in  the  test.  Four  hundred 
eighty-two  men  made  U50  errors,  but  the  "lion's  share'1  of  these 
errors  were  made  by  the  more  experienced  men  including  the  motor 
sergeants.  Among  these  more  experienced  men,  those  having  had  a 
TVM  course  were  the  more  frequent  offenders,  not  because  the  on- 
job  trained  are  the  better  mechanics  but  because  they  more  often 
refused  to  make  & diagnosis.  The  figure  you  see  there,  $100,1*SI*.76, 
represents  only  the  new  price  cost  of  the  parts  on  this  slide.  It 
does  not  include  labor  or  administrative  costs.  Apparently,  these 
men  believe  in  what  is  known  as  "DX"  or  direct  exchange  trouble 
shooting.  It  should  be  pointed  out  that  whoever  makes  the  diagnosis 
is  -usually  the  final  authority.  The  TVM  is  seldom  double-checked  on 
bis  diagnosis. 

Earlier  I mentioned  that  we  wanted  to  find  out  if  the  TVM 
course  trained  mechanics  Wei's  superior  to  the  on- job  trained  men. 

They  are;  the  difference  is  statistically  reliable  /or  total 
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Having  determined  that  TVK  trained  mechanics  are  superior, 
we  checked  on  intelligence  as  shown  by  G.T,  scores.  Those  selected 
for  TVM  training  are,  on  the  average,  of  superior  mental  ability. 
Mental  ability  is  significantly  related  to  proficiency  test 
performance  (as  shown  by  the  coefficient  of  correlation  of  .L7). 
Because  of  this  relationship  we  conclude  that  the  better  proficiency 
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PARTIAL  LIST  C F ERRORS  CF  DIAGNOSIS 


Replacement  Erroneously 
Recommended 


focjuenty 


spark  plug  sets 
generator 


carburetor 


regulator 

magneto 


starter  (assembly  or  components) 


distributor 


engine 


Ml 


Needless  Expenditure  $100»U8U. 76 
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SCHOOL  vs.  CN-JOB  TRAINING 

Number  of  Type  a?  Average  success. 

Mechanics  Training  29  Exercises 

237  School  30,058 

176  On-Job  21.5 


Average  on  Inspection, 
1 Exercise 

1*2,058 

39.2 
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test  scores  of  the  TVM  trained  mechanics  are  due  to  their  higher 
mental  ability,  as  veil  as  to  their  training* 

One  of  the  findings  that  surprised  us  very  much  is  that 
there  is  vary  little  gain  in  proficiency  with  increased  year  a 
of  experience  on  the  job* 

(SLIDE  7) 

There  are  TVM  course  trained  and  on- job  trained  men  in  each 
group*  The  average  amount  ox'  experience  in  each  group  van  abouv 
U months  for  the  first  group,  just  under  two  years  for  the  second, 
just  under  10  years  for  the  third,  and  just  under  11  years  for 
the  motor  .sergeants. 

When  this  study  was  planned  there  was  no  comprehension  on 
our  part  of  the  proficiency  levels  we  would  find*  Our  purpose 
actually  was  to  pin-point  skill  and  knowledge  deficiencies  of 
the  mechanics  so  that  corrective  action  could  be  taken,  and  it 
was  only  after  we  had  done  this  that  we  computed  the  average 
results  and  realized  the  gravity  of  the  situation*  One  positive 
note  we  can  sound  is  that  vw  did  succeed  in  isolating  skill 
and  knowledge  deficiencies  which  promise  excellent  guid^iao©  tor 
both  on-job  and  TVM  course  training  revision*  These  were  common 
deficiencies  or  errors.  Seme  were  made  by  as  many  as  9<# 
of  the  failing  men  on  seme  exercises* 

(SLIDE  8) 

Here  is  what  these  personnel  did  not  know. 

Insufficient  vehicle  knowledge  was  shown  in  these  ways; 
Inability  or  refusal  to  attempt  an  exercise  on  a particular 
vehicle,  failure  to  note  a missing  fuel  filter,  reccuwendation  of 
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EXPERIENCE  AND  PROFICIENCY 

Number  of 

Tears  Average  Success, 

Average  on  Inspection 

Experience  29  Exercises 

1 Exercise 

117 

Less  than 
1 year 

U6 

1-5  years 

1$1 

Over  5 years 

Number  of 

Maintenance 

Seargeants 

69 

11  yrs.  average 
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AR~\S  CP  SKILL  DEFICIENCIES 

Knowledge  of  Vehicles 
Sub-systems 
Sub-system  eympt^is 

Knowledge  of  Publications 
Utilization 

Location  of  Information 
Wiring  Diagram  Interpretation 

Use  of  Special  Equipment 

Trouble  Shooting 
Equipment. 

Procedures 


Double  Checking 
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replacement  of  carburetors  on  a fuel  injection  engine,  and 
straying  off  one  electrical  system  on  to  another.  Regard/ ng 
sub-system  symptoms,  men  were  very  commonly  unable  to  tell  an 
air-fuel  from  an  ignition  ualf unc tlorw-vthich  is  why  there  were 
! so  many  needless  reccwmandations  for  spark  plugs  and  magnetos. 

On  publications,  an  outstanding  f stilt  was  failure  to  use 

t 

them  at  all.  The  compression  test,  which  most  wen  did  improperly, 
is  accurately  outlined  in  the  TK.  Hen  also  generally  Ignored 
the  TH  table  of  contents  and  index,  thus  wasting  considerable 
amounts  of  tame. 

Wiring  circuit  diagram  interpretation,  although  a treaendous 
f, tumbling  block  now  may  be  leas  of  a problem  in  the  future.  The 
-20  series  of  the  multiple  manual  concept,  with  their  trouble 
shooting  schematic  drawings  and  directions,  apparently  will  make 
wiring  diagrams  unnecessary.  At  least  the  new  ©is,  such  as 
TH  9-2320-216-20  (Kl5l  £-ton  truck)  have  no  wiring  diagrams 
at  all.  Perhaps  in  another  few  years  instruction  on  wiring  diagrams 
will  no  longer  be  needed. 

Regarding  use  of  special  equipment,  a major  problem  is 
sheer  failure  to  use  it.  Many  men  do  not  know  how  to  use 
complex  testing  devices.  One  Senior  mechanic  of  17  years 
experience  burned  up  sous  wiring  on  one  of  our  4-ton  test 
vehicles,  "trouble  shooting"  it  with  a screwdriver.  Failure  to 
use  TMs  is  related  to  failure  to  use  special  equipment,  for  the 
TH  tells  when  it  is  necessary  although  it  often  does  not  show 
hew  to  use  it.  (This  applies  to  the  older  vehicles  and  TMs.) 

Wo  observed  a great  mazy  errors  in  trouble  shooting.  Hen 
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did  set  know  bow  to  sot  tip  or  adjust  the  Low  Voltage  Circuit 
Taster,  didn*t  know  bow  to  got  good  contacts  at  check  points, 
attempted  to  make  a ground  contact  os  a painted  or  groan/  surface, 
and  reverse d their  leads,  to  nans  the  acre  ccwoon  oaea. 

Hen  do  not  know  their  trouble  shooting  procedures.  Notably, 
this  includes  failure  to  sake  operational  checks,  such  as  testing 
generator  output  with  the  engine  revved  up.  Has/  of  the  generators 
needlessly  condemned  resulted  from  this,  far  nothing  can  be  determined 
about  the  generator  while  the  engine  is  idling.  Thar*  also  were 
other  errors  that  may  be  tnarasad  up  under  the  heading  of  lack  of 
knowledge  of  systematic  procedure * . 

Double  checking  of  a H-iagwrata  in  trouble  shooting  was 
extrema ly  rare.  The  mechanics  could  have  checked  their  diagnosis 
of  “bad  nags*  sickly  by  revving  up  the  engine  and  performing  an 
rpm  "drop  check, 8 if  the/  had  knewa—or  thought— to  do  so. 

This  concludes  the  presentation  of  data.  Col.  Spires 
has  sects  concents  to  make  and  then  ve  will  attenpt  to  anewer 
any  questions  you  wish  to  ask. 
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